UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX
75 Hawthorne Street San
Francisco, CA 94105

ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY
1110 West Washington Street
Phoenix, Arizona 85007

June 21, 2017
Catherine Jerrard
Program Managetr/BEC
AFCEC/CIBW
706 Hangar Road Rome, New York 13441

Subject: EPA/ADEQ Comments on March 2017 Decision Tree and Criteria for Enhanced
Bioremediation; Transmittal of EPA/ADEQ Checklist for EBR Monitoring Program, ST12 Fuels Spill
Site, Former Williams Air Force Base, Mesa, Arizona

Dear Ms. Jerrard:

The US Environmental Protection Agency (EPA) and Arizona Department of Environmental Quality
(ADEQ), “the Agencies” joint technical team has reviewed Air Force’s (AF’s) March 2017 Decision
Tree and Criteria for Enhanced Bioremediation (“Decision Tree™) for the ST12 Fuels Spill Site, and
compared it to the May 2014 Final Remedial Design and Remedial Action Work Plan (RD/RAWP), the
March 2016 Draft Final Addendum #2 to the RD/RAWP, and to proposed Phase 1 Enhanced
Bioremediation (EBR) activities presented during the May 11, 2017 Base Closure Team (BCT)
conference call, along with other data from the site. Although it is still our collective technical opinion
that EBR alone cannot reduce the estimated 400,000+ gallons of jet fuel remaining in the subsurface at
ST012 to volatile orgamic compound (VOC) concentrations that will not contaminate groundwater to
levels above their Maximum Contaminant Levels (MCLs) in the next 20 years, we understand that it is
nevertheless the desire of the Air Force to proceed with EBR at this time. This changes the site
remediation discussion from whether or not to proceed with EBR to what the Agencies require for the
Air Force to be able to proceed with EBR considering the present condition of the site.

The Agencies have prepared the attached Checklist to provide AF with a list of data needs that should be
incorporated into the final EBR workplan to develop a robust monitoring program to enable future
evaluation of EBR effectiveness. We also offer the following comments on the March 2017 Decision
Tree. Some of these comments reflect concerns that have been expressed previously, and others are
new comments.

General Comments
1. Page 1 of decision tree, fourth box in flowchart says Monltor basehne CO]’ldlthl’]S and tlmes thm

activity to oceur dﬁer the start- -up of extraction activities. 3
oceur prior to any Hi ! extractions or injections to provide valid

: data. Pcrfomung this
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baseline data before any extractions or injections is promised in Section 5.1 of the Addendum #2,
Remedial Design and Remedial Action Work Plan for Operable Unit 2, Revised Groundwater Remedy,
Site ST012, Former Williams Air Force Base, Mesa, Arizona. Section 5.1 of this document states that:
“Prior to EBR injection and extraction activities, sampling will be conducted to determine baseline
conditions and to adjust operational strategy based on conditions in the field.”

2.: A full delineation of the benzene contaminated areas has not been completed in any of the three
hydrogeologic units. Without knowing the full extent of the current benzene concentration distributions,
it cannot be determined if the plumes continue to migrate or if they are shrinking. Shdes from the
February 14, 2017 BCT meeting clearly indicate that areas with benzene concentratlons in groundwater
greater than 5 ug/L have not been fully delineated, as large portions of #ha-ihe & i, contour line are
dashed (indicating the delineation is inferred) in the Cobble Zone (CZ) and Uppcr Watcr Bearing Zone
(UWBZ), with smaller portions of the contour line being dashed in the Lower Saturated Zone (LSZ).

a) Observation of the benzene i1soconcentration line in the CZ (slide 22) also shows that the
downgradient perimeter wells in the CZ are Oenerally 250 feet or more from the SEE wells; thus,

migration of the dissolved phase in the hydrogeologic unit 1s effectively masked by
distance to the downgradient = the lack of benzene plume
de]meatmn to the north and east, as shown in shde 23, the extent of the benzene plume to the southwest
1ay not be defined. According to the data provi ded in June 2017, CZ22 was last sampled on
10/10/2016, and benzene was less than 1 pg/L. However, the weekly field reports show that 0.66 feet of
LNAPL were found in this well on 11/4/2016. Thus, it is not clear that the benzene concentration in this
well remains below 5 pg/L (e.g., sample dilution may have caused this low measurement). The boring
for LSZ57 had numerous photoionization detector (PID) readings in the range of 40 to 74 parts per
million volume (ppmv) from 140 to 160 feet below ground surface. Note that a benzene concentration
of 50 ppmv in soil vapor is equivalent to 700 ug/L in groundwater under equilibrium conditions (based
on the benzene dimensionless Henry’s Law coefficient of 0.23). According to Attachment 4, Locations
and Drilling Plan, footnote f of Field Variance #4, Additional Site Characterization, “If PID screening
results are >15 ppmv . . . location may not bound dissolved phase contamination.” Additional sampling
of well CZ.22 is needed, and a CZ monitoring well is needed in the area of .SZ57 to verify the extent of
the dissolved-phase plume in the CZ in this area.

b) In the UWBZ, benzene groundwater concentrations in wells UWBZ36 and UWBZ35 are
above 5 pg/L, indicating that the extent of the dissolved phase plume exceeding MCLs is not delineated
to the west in this hydrogeologic zone. PID readings as high as 50 ppmv in the UWBZ of soil boring
LSZ57 raise important questions about the extent of the dissolved phase in that area, considering the fact
that this PID value is equivalent to 700 ug/L in groundwater. Recent groundwater concentration data for
perimeter monitoring wells U02 (1.7 pug/L on 3/1/2017 and 2.2 ug/L on 4/18/2017) and U38 (0.18 pg/L
on 2/6/2017, the first time benzene has been detected in this well) indicate that the line delineating the
extent of benzene concentrations above 5 ug/l. should be extended significantly to the east in slide 24.

¢) Slide 26 shows that the extent of the benzene dissolved-phase plume has not been delineated
in the area of SB-19 to the west, in the area of LSZ46 to the south, in the areca of SB18 to the southeast,
and in the area of W36 to the northeast.

3. A full delineation of the light nonaqueous phase liquid (LNAPL) contaminated areas has not been
completed. Without adequate characterization of the LNAPL distribution at ST012, the extent of the
arcas that require remediation has not been defined. Slides from the March 16, 2017 BCT meeting
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clearly show that the extent of LNAPL has not been defined: 1) in the UWBZ to the southeast

(UWBZ30 area, see slides 17 and 18) and 2) in the LSZ {sa¢ 31 to the southeast in the areas of
SB18S, to the south in the area of L.S746, and to the west at SB19. Also, there is a large distance between
the borings that contained LNAPL in the UWBZ and L.SZ on the northern side of the site (1.5743 and
LSZ51) and the one LNAPL-free boring to the north (LSZ59), creating considerable uncertainty in the
extent of LNAPL in this direction.

4. Post- Steam Enhanced Extraction (SEE) characterization is needed within the thermal treatment zone
(TTZ) of SEE. The May 2014 Final RD/RAWP states (page 4-9) that the target benzene concentrations
in the thermal treatment zone is 100 to 500 ug/L, as “This concentration range is predicted to achieve
cleanup levels within the 20-year remedial timeframe based on modeling of groundwater contaminant
attenuation outside the TTZs after active EBR”. However, no groundwater samples have been obtained
from within the central portion of the SEE treatment zone since the termination of SEE to determine if
this target groundwater concentration was achieved. Samples obtained during SEE are not reliable due
to the samples having been obtained from the eductor pumps, which contained both eductor motive
water and groundwater. Since the termination of SEE, LNAPL has been recovered from many of these
interior wells, indicating the likelihood of very high dissolved-phase and LNAPL benzene
concentrations remaining in the TTZ. Discussions between the Air Force team and the agencies’ teams
have highlighted the fact that there is considerable uncertainty in remaining mass estimates and the
modeling performed to date. Additional modeling using an agreed-upon modeling approach and based
on new samples taken to evaluate post-SEE soil and groundwater concentrations should be used to
determine whether or not the SEE TTZ requires additional treatment, based on post-SEE soil and
groundwater concentrations.

5. Soil borings from within the SEE TTZ are also required to allow much more accurate estimates of
LNAPL and dissolved-phase hydrocarbon mass, as the current Air Force estimates (dated 9/28/15)
assumed apparently arbitrary reductions in each area and zone due to SEE without providing
justification based on case study results or post-SEE sampling data (ADEQ letter dated May 16, 2017, to
Ms. Catherine Jerrard).

6. An important consideration for the success of EBR will be ensuring that the injected terminal electron
acceptor (TEA) is distributed throughout the area of remaining hydrocarbon contammation. The EBR
and SEE Containment Modeling Report in Appendix E of the May 2014 Final RD/RAWP states (page
4-1), “This 60-foot well spacing was determined to be optimal by an iterative process using the
groundwater flow model to assess various configurations of the well fields within the geometry of the
treatment areas. Beyond an approximate well spacing of 75 feet results from the model revealed that
sufficient extraction pumping could not be achieved because of limitations associated with the
permeability and storage of the aquifer and subscquent loss of injectate to the natural gradients in these
gaps bctween extraction well capture zones.” Despite this modeling result ir i
Addendum #2 and the May 11, 2017 BCT presentation propose inj cctlon extractlon
well spacings as much as 250 feet or more. I*lgures E-1, E-8 and E-15 of Addendum #2, which are
titled, Modeled TEA Injection Pathlines for the CZ, UWBYZ, and LSZ, respectively, show that injected
TEA would not be distributed throughout the ovals of Target Area of Sulfate Distribution by Injection-
Extraction shown on slides 25 — 27 of the May 11, 2017 BCT presentation, but would travel in relatively
narrow paths. Specific examples of discrepancies between the Modeled TEA Injection Pathlines and the
Target Area of Sulfate Distribution include the fact the TEA pathlines show TEA injected at CZ12 to
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migrate downgradient (Figure E-1), rather than being extracted at CZ21, as suggested by slide 25;
Figure E-8 shows TEA njected at UWBZ32 and UWBZ33 to migrate downgradient rather than be
captured at UWBZ22 as suggested by slide 26; and Figure E-15 show TEA injected at W34 to migrate
downgradient rather than be captured by L.SZ29, as suggested by slide 27. It is clear from the TEA
Pathline figures that the proposed injection and extraction schemes are not adequate to distribute THA
throughout the contaminated areas.

The Time of Remediation Estimates for Enhanced Bioremediation at ST012 (provided
to the Air Force on May 30, 2017) states that the hydraulic conductivity values for the LSZ and UWBZ
used in the A modehng repoﬂed in Appendix E are significantly lower than what was used in preVlous
¥ modeling. [ incorporating more realistic hydrauhc conductivities {:
: 53 Into the model g

t the flow of the TEA, elther under pumping or non-puniping

conditions.

7. It 1s not clear what sulfate concentrations are ideal for BTEX degradation at the STO12 site, or what
concentration may be inhibitory to the microorganisms. The Decision Tree in the first blue box states
that sulfate concentrations in the range 2,000 — 10,000 mg/L are 1deal for mlcroblal grow th, and that
concentrations as high as 30, OOO mg/L are non-inhibitory, } i

: -Suthersan et al. (2011) suggests that
maintaining rclatlvely stable sulfate concentrations in the range of 100 to 2000 mg/L increases the
efficiency of the process, and that sulfate concentrations greater than 2000 mg/I. do not yield increased
hydrocarbon oxidation rates. They state, “Dosing strategies that achieve moderate and more consistent
concentrations are best to achieve optimum treatment efficiency and limit secondary geochemical
effects.” Al-Zuhair et al. (2008) found that sulfate concentrations above 4,000 mg/L may begin to
inhibit sulfate reduction.

GRS

8. Addendum #2 proposes to inject sulfate at a concentration of 320,000 mg/L (March 2016 Addendum
#2, page 4-7). After pumping only for a short time during the injection of sulfate to help distribute it,

Addendum #2 and the Decision Tree then proposes to terminate extraction and allow the sulfate to
distribute by dispersion and diffusion. Addendum #2 provides figures to illustrate the concentrations of
a conservative tracer (meant to represent sulfate) injected at a concentration of 320,000 mg/L in each of
the three hydrologic zones over the next 1990 days (Figures E-2 to E-7, E-9 to E-14, and E-16 to E-21).
These figures show significant migration of sulfate offsite at concentrations greater than the secondary
MCL for sulfate of 250 mg/L. (Figures E-7 and E-21), and sulfate concentrations high enough to mhibit
microbial growth over large portions of the UWBZ and LSZ 1990 days (approximately five and one half
years) after sulfate injection (Figure E-14 and E-21).

Another thing to note on the figures from Appendix E ¢ ! tracer concentrations due
to dispersion and diffusion effects, is that these figures predict that it would take as much as 5.5 years
(1990 days) for the sulfate concentrations to reach the 1000 mg/L range {where sulfate reduction is
max1mued"~ throughout the areas that are believed to contain LNAPL. This situation is not likely to be
alleviated by the addition of a couple ¢ injection or extraction wells as proposed in the May
11, 2017 BCT presentation.

Per the Decision Tree (page two), microbial analyses would occur 6 to 36 months after the initial sulfate
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injection, for the purpose of monitoring EBR stimulation. However, if sulfate migration will take as
much as 5.5 years to reach the concentrations throughout the areas believed to contain LNAPL, then
EBR monitoring needs to occur in arcas where sulfate has already reached prime concentrations.

On page 3 of the Decision Tree, top box with the subtitle “Decision Objective: Transition Criteria
Achieved?”, i i3 3 that the time frame of these analyses is between 18 and 36
months after the first injection. One of the metrics mentioned is “Sulfate distributed to support ongomg
MNA”. It is unclear how it can be determined } i5 fle

sulfate 1s correctly distributed (spatially, or at proper concentrat]om) throughout areas believed to
contain LNAPL if this distribution may take up to 5.5 years. The same can be said of the criteria
contained in the second box, including benzene half-lives in the three zones, throughout all areas
containing LNAPL.

Specific Comments on Decision Tree

9. The first yellow box {
calls for monltormg LNAPL levels, and that ‘<1 fi/'week’ accumulation in a well is “ideal” and ‘<
ft/week’ is “non-inhibiting”. It is not clear in which wells LNAPL levels will be monitored. LNAPL
monitoring in proposed extraction wells was terminated when the pumps were installed as AMEC
claims they cannot monitor for LNAPL with the pumps in place. The March 2016 Draft Addendum #2

to the RD/RAWP states on page 4-11, “If mobile LNAPL is observed in a new or existing injection well,

the LNAPL will be removed, to the extent practical prior to injections. If sustained recovery of LNAPL
is possible, TEA injection at that location will be delayed.” This would seem to indicate that LNAPL
levels in injection wells is to be monitored.

‘What is the basis for saying that ‘<1 ft/week’ is “ideal” and < 5 fi/week’ is “non-inhibiting” and EBR
should proceed? In the second yellow box of the Decision Tree, it states, “LINAPL removal is generally
more efficient than EBR. LNAPL not removed can increase EBR timeframe.” This slatement appears
to be contradictory to the implication that LNAPL accumulations of up to 1 ft/week in an injection well

: Commented [WU4]: Throughout this
' letter, we refer to items in the Decision
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Objective: To establish location is ready for
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are acceptable for proceeding with EBR. Several of the planned njection wells, including CZ11,
UWBZ10, UWBZ33, UWBZ16, W11, W37, 1.8750, 1.8748, and 1.8749, have recently and
continuously contained LNAPL under non-pumping conditions, and thus are not likely to be useable as
injection wells in the immediate future.

10. The first yellow box states that if the hydraulic response is not consistent with expectation, then the
distribution (presumably of sulfate) may be affected. What is the expected hydraulic response? What
are the planned extraction rates for each extraction well and expected drawdowns in each of the wells?

11. The first vellow box states that if temperatures are changing rapidly at exiraction or injection
locations, potentially temperature should be monitored and wait for stabilization. This appears to be

contradictory to the AF’s objections that contmuous groundwater extraction for containment would have
a negative effect on EBR because would adversely affect the temperatures that are
currently advantageous to EBR, and would pull dissolyved oxygen into the system. and thereby alter the
redox conditions: The May 2014 Final RD/RAWP that was approved stated “The approach to

remediating the LNAPL-impacted zone outside the TTZ combines the technologies of groundwater
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recirculation with the addition of terminal electron acceptor (TEA), and plume containment.” (Section

5, first sentence). The description of the EBR design goes on to say “Process equipment will be
installed for integrated operations for active remediation and containment of the three hydrologic zones
(CZ, UWBZ and L.SZ),” and “The overall system will be hydraulically designed to capture and maintain
the plume geometry.” The EBR and SEE Containment Modeling Report in Appendix E states “The
approach to remediating the LNAPL impacted zone outside the TTZ combines the technologies of
groundwater recirculation with the addition of terminal electron acceptor (TEA), and plume
containment, followed by a period of natural attenuation and groundwater monitoring.” Based on the
May 2014 Final RD/RAWP, containment was an integral part of the planned EBR. It is not clear why
containment was not a part of the Addendum #2 Work Plan.

It should be noted that temperature data provided in Section VI of the April 29 — May 12, 2017 ST012
Site Operations Report shows that virtually all of the area in the three hydrogeologic zones of the site
that are proposed for Phase 1 EBR (see slides 25 to 27 of the May 11, 2017 BCT conference call)
remain at significantly elevated temperatures, with temperatures as high as 270°F in May 2017. Thus, it
is not likely that these arcas will be good candidates for initiation of EBR in the near future. Pumping to
extract hot groundwater and pull ambient temperature groundwater into the arca may increase the rate of
cooling and create conditions amenable to EBR more quickly than allowing cooling only by natural
groundwater flow.

12 Thc ﬁrst gray box {1

cems to indicate that sulfate is expected to arrive at the extraction
W ell@ 10 Weeks to one year after injections start. What is the basis for this rather significant range n
travel times expected between injection and extraction wells?

13. The parameters to be monitored in the first blue box

VOUCs in groundwater. With an estimated 400,000+ gallons of LNAPL remaining in the

subsurface at STO12 (AF’s estimate dated March 17, 2017), most of the remaining VOCs are i the
LNAPL, not dissolved in groundwater. In order to demonstrate that EBR is having the desired effect of
overall site remediation, benzene concentrations in the LNAPL (i.c., the major component of site
benzene mass) must be measurably and significantly decreasing.

14. The first blue box states “Decreasing VOCs in the presence of sulfate may indicate degradation.”
‘While this statement is true, it must be recalled that injection of large volumes of water containing
sulfate will definitely dilute VOC concentrations in groundwater, and displace the contaminated
groundwater. This should not be mistaken for degradation. Decreasing VOC concentrations in
groundwater should only be considered to indicate degradation after it has been determined that the
appropriate biological communities are present and that they are degrading VOCs (including benzene),

Groundwater data from across the site after TEA injection should be used in the

evaluation.

15. The first blue box and the final gray box state that “If degradation by SRB cannot be demonstrated
after other measures, consider alternate technologies™ and lists pump-and-treat and chemical oxidation
as the technologies to be evaluated. Neither of these technologies sxs:5 appropriate for large quantities
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of LNAPL such as the more than 400,000 gallons of LNAPL that are believed to be at this site. SEE has
been found to be effective for LNAPL at this site and should be considered if EBR is not found to be
effective.

16. The second blue box and the white box (page 3) list Target Numerical Conditions of average and
maximum benzene concentrations in each of the three hydrologic zones that are presented 1n the
modeling in Appendix E of the RD/RAWP. Comments on this modeling exercise have been provided to
the Air Force. Discussions between the Air Force team and the Agencies’ teams has highlighted the fact
that there is considerable uncertainty in AF’s modeling #:¢ffort to date. Additional modeling using an
agreed-upon modeling approach should be used to determine whether or not the SEE TTZ requires

additional treatment, based on post-SEE soil and groundwater concentrations.

17. second blue box :-%zhows that for the UWBYZ, the maximum permissible benzene
concentration for transition to Monitored Natural Attenuation (MNA) is 1400 ug/L. in groundwater. The
May 2014 Final RD/RAWP states on page 4-9 that the target benzene concentrations in the thermal
treatment zone 1s 100 to 500 ug/L, as “This concentration range is predicted to achieve cleanup levels
within the 20-year remedial timeframe based on modeling of groundwater contaminant attenuation
outside the TTZs after active EBR”. Thus, these two criteria appear contradictory. Discussions between
the Air Force team and the agencies’ teams have highlighted the fact that there is considerable
uncertainty in AF’s modeling performed to date. Additional modeling using an agreed-upon modeling
approach should be used to determine whether or not the SEE TTZ requires additional treatment, based
on post-SEE soil and groundwater concentrations.

18. The second yellow box states that the Desired Trend for Sulfate migration is that it not migrate
outside of the EBR arca. Figure E-4 predicts that sulfate will be migrating out of the EBR area in the
CZ within 150 days of injection at wells CZ12, CZ14, and CZ16, and Figure E-7 of Addendum #2
predicts that this will continue for more than 1990 days. Figure E-15 predicts that sulfate injected at
‘W34 will migrate out of the EBR area. This would indicate the need for recirculation/containment
throughout EBR. The Agencies are particularly concermned that remedial activities for ST12 must not
degrade water quality down gradient of the site that could impact private or City of Mesa supply wells in
the future.

19. The second yellow box states that the Desired Trend for Arsenic Concentrations is “Arsenic
concentrations exceed MCLs”. The desired trend should be for the arsenic concentrations to not exceed
MCLs. Arsenic should not be injected with the sulfate solution at concentrations that exceed the MCLs.

Please contact us if you have any questions about this letter.

Sincerely,

Carolyn d’Almeida Wayne Miller
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Remedial Project Manager, EPA Remedial Project Manager, ADEQ

cc: Ardis Dickey, AFCEC
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